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Introduction 
A modern vessel is a complex technical system, 
constantly occurring in the information field of the 
waterway.  
The motion of the vessel is effective due to 
timely, accurate and simultaneous control actions of 
the navigator after evaluating the information 
received.  
All the information processes on the route appear 
as permanent, immediate, regular and random 
messages of a positive or negative content.  
Considering the vessel as an object of 
information security some techniques are required to 
implement the analysis of the information space 
efficiently and to formalize the information impact 
on the vessel management.  
The search and study of the new methods for 
information space analysis of the waterways still 
comprise a problem in modern navigation.  
The problem actuality and the necessity to solve 
it involve the development of the basic components 
and complexes for system management and is 
reflected in the joint warrant of the Ministry of 
Education and Science and the National Academy of 
Sciences of Ukraine from 26.11.2009 № 1066 “On 
Approval of the Principal Research directions and 
Crucial Problems of Fundamental Research in 
Natural Sciences, Engineering and Humanities for 
2009-2013” (paragraph 1.2.8.6.). 
The publications about the sea accidents during 
the past ten years dispose that nearly 40% of 
emergency cases happened because of the 
information inadequacy received by the skipper 
about the actual navigation situation on the 
waterways [1].  
In most cases, the violation of the principles of 
objectivity, adequacy and integrity in their formation 
occurred [2].  
This is manifested most evidently in the cramped 
conditions of navigation. Inadequate information 
about the situation leads to a perturbation of the 
information space, and faulty assessments of 
situations [3; 4] create some preconditions for 
further accidents. Practically, in Marine science 
there is a lack of the research works, devoted to the 
study of information space in navigation.  
Some proficient scientific publications offer to 
consider the information flows at the level of the 
performance and tone settings for hardware 
transmitting information messages on the 
waterways.  
The tasks of creating the basic approaches and 
techniques for the study of cyberspace still remain 
unsolved.  
The creation of a scientifically based 
methodology for processing parameters of the 
cyberspace determines an important component in 
the development of decision-making system to 
guarantee the vessel safe management.  
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The well-known technical developments of 
management systems for vessel traffic also indicate 
the problem of information space navigation process 
as unresolved. 
Problem Statement 
The objective of the article is to form some 
categories of information flows on the waterways, as 
well as their formalization and modeling to establish 
the interrelation and priority level for 
communications in the information space for 
navigation. 
The Research Exposition with the Grounding  
of the Received Scientific Achievement 
The information space in navigation stipulates 
the logic to regulate the parameters of the vessel 
control systems.  
The information flows of waterways seem to be 
disturbing influences on the vessel, affecting the 
"mechanism" and causing dangerous and emergency 
situations.  
Without a well-functioning circulation of 
information flows, a secure vessel control is impossible. 
The ship information is divided into five 
semantic categories:  
1) disaster and danger messages;  
2) navigation messages;  
3) hydro-meteorological information;  
4) operation exchange;  
5) private correspondence.  
The semantic categories structure of waterways 
information space is shown in fig. 1.  
We perform a descriptive modeling of message 
categories for the navigation information space. 
 
 
Fig. 1. Semantic category information area  
of waterways 
 
In the first category the messages about disasters 
and hazards are transmitted in the directions of ship 
to shore, ship to ship, shore to ship, shore to shore.  
In the direction Beach to Beach the messages 
circulate between the coastal broadcasting stations, 
Rescue Coordination Centre, meteorological and 
hydrographic centers according to established rules 
of exchange.  
From ship to shore the messages of distress, danger 
at sea, pirates, dangerous weather phenomena and other 
unusual situations are transmitted.  
The forms of messages are submitted as the 
components to the Global Maritime Distress & 
Safety System and are transferred automatically 
after their actualization and initialization.  
The messages dealing with the sea pollution are 
sent in the form specified by the IMO, and the 
addresses indicated in the ship's Guide SOPEB.  
The ship-owners are informed of the attack on 
the ship by means of standard messages, offline 
and/or automatically by with the ship system SAS.  
From shore to ship and from ship to ship the 
messages about disasters of ships, dangers at sea, 
pirates, dangerous weather phenomena and 
conducted rescue operations are retransmitted. In 
this category the messages between different vessels 
– participants are transmitted and supported by the 
relevant two-way exchange.  
The disasters messages of own ship and the 
discovered dangers at sea are sent immediately to 
the nearest and / or maintained coastal radio station 
and retransmitted till the confirmation from the 
coastal radio station is received. 
The vessels near the distressed vessel, report of 
their location and capabilities to assist in obtaining the 
confirmation messages of distress from the shore.  
The exchange within the channel of 
communication between correspondents is preserved 
until the end of the rescue operation.  
The directions from shore to ship, ship to shore 
provide an information exchange regarding the 
vessel protection and port facilities.  
The information about disasters and dangers at 
sea is transmitted from shore to ship at the disaster 
frequencies / channels immediately after its receipt. 
When organizing rescue operations the assigned 
radio station, within the dedicated broadcast 
channel, immediately sends the instructions of the 
Rescue Coordination Centre to the involved 
vehicles.  
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The exchange within this channel between the 
correspondents is retained until the end of the rescue 
operation.  
The messages about the dangers at sea are 
transmitted by shore stations within three days as 
separate messages, and in NAVAREA and 
NAVTEX networks, or until the danger situation 
expiration.  
The information flows exchange between the 
vessels is effective in case of close disposition to the 
distressed vessel and the vessel-correspondent or 
after relaying messages of the distress by a coastal 
radio station.  
The operating communication channel remains 
constant and is finished after the operation 
termination or when the direction from the coast is 
received. While carrying out the rescue operations 
for the communication between the vessels and the 
"coordinator on-site”, a separate communication 
channel is allocated, it is controlled and used by the 
coastal radio station.  
The exchange within the distress communication 
channel between the correspondents is retained until 
the end of the rescue operation.  
The reports of marine pollution are sent by 
vessels to the bank immediately online before the 
end of the incident. 
The second category of information is 
determined by the ship's navigation message in the 
directions of ship to shore, shore to ship, shore to 
shore.  
A typical and ad hoc information exchange is 
actualized from ship to ship.  
The information about the identified dangers to 
navigation, structures on the sea, and changes in the 
rules of navigation exercises, tactical and firing 
practices is carried from shore to ship.  
It is transmitted through NAVAREA and 
NAVTEX systems. Some important messages can 
be duplicated by both networks.  
In particular cases, massages are sent by ship-
owners and / or port agents. 
The navigational information in NAVAREA 
format is transmitted daily to areas of responsibility 
of certain states according to the determined 
timetable, as well as every day - in NAVTEX format 
according to the lettered (RFID) scheme.  
The local agents, ship owners and operators in 
the exchange process with the vessels, if necessary, 
inform each other about the fairway markings, 
referring to the arrival in port.  
The port authorities in their turn provide the 
information by broadcasting circularly and hourly.  
The ship immediately and duly reports of any 
found danger in the sea to the relevant coastal state.  
The vessels engaged in special operations, 
hourly, or when approaching other vessels provide 
the information about danger and precautionary 
measures.  
In other cases, the information exchange is not 
regulated but accomplished on reciprocity. 
The third category is hydro meteorological 
information, including certain reports of dangerous 
situations.  
The weather forecast is transmitted from shore to 
ship according to rules.  
At the request of the ship-owner the captain is 
given the instructions to follow the route specified 
by the coastal meteorological centre.  
The information from shore to ship is transferred 
under the terms of the National Meteorological 
System NAVAREA.  
The regional and local information is sent upon 
the request or circularly at a stated time by 
NAVTEX system, as well as by channels, port 
authorities and coastal VHF stations.  
The facsimile weather maps are delivered to the 
WAN network Internet. Sometimes the ship owners 
give their instructions related to weather (to come to 
a stop, to accelerate motion, etc) for the benefit of 
commerce, service and other peculiarities.  
Some ship owners demand from ship to shore to 
provide the information on weather conditions on a 
regular basis.  
The transmission of weather information is 
required for the vessel piloting by the coastal 
centers, as well as in rescue operations.  
The regulation of such transmission is established 
by relevant regulations or individual instructions. 
The information exchange ship to ship is not of a 
regular character, the rules are not defined, except in 
cases of emergency i.e. rescue operations, where 
such an order is stipulated by the RCC or “the 
coordinator on site”.  
In practice – they are rather common flows of 
information on VHF during the information 
exchange between the encountered in the ocean 
vessels.  
The hydro-meteorological information is updated 
and transmitted in an ordinary way daily, except 
Sundays at the areas from the coast to the vessel by 
the relevant services according to their responsibility 
in NAVAREA system, as well as in NAVTEX 
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transmission system. The backup of the messages 
can be performed with a 6- and 12-hour intervals.  
Under dangerous weather conditions (hurricane, 
especially whole gale, tsunami) the relevant data are 
reported every six hours.  
The port authorities inform of local weather on 
the request from the vessel. In some areas, the 
weather reports are transmitted either by special 
VHF meteo-channels or by port agents, ship owners 
and operators of the vessels with regular 
communications.  
Sometimes the broadcasting of local radio-TV 
stations and weather sites online are rather 
significant in this respect.  
When sailing under the piloting of the coastal 
meteorological centers the weather forecast is 
transmitted in the appropriate form and amount once 
a day or more.  
Sometimes a vessel makes such reports once-
only at the request of the coastal radio stations in 
exchange for the latter to allow any further vessel’s 
transmission of correspondence. 
The fourth category of information exchange is 
operational.  
This category is formed by the shipping 
companies, port authorities, coastal services, 
agencies in the direction of coast to ship, ship to 
shore, shore to coast.  
The type of information between the shore and 
the ship is varied on the activities of the vessel, as 
well as the third parties.  
The messages on terms do not have the 
established order and they are transmitted within a 
coastal working day without taking into account a 
possible difference from the vessel’s time.  
To attract the attention of the ship when docked 
in the port, when a constant watch on the bridge is 
not held, sometimes the vessel duplicating signal 
devices are used.  
The particularly important information comes 
immediately, at any time of the day.  
The principal information exchange between ship 
and shore is situational, except the compulsory 
reports related to key elements of operation.  
From the ship to the ship owner, information of 
the following character is transmitted:  
1) movement in the sea;  
2) arrival in port;  
3) mooring for cargo loadings;  
4) mooring for non-core operations;  
5) departure from port.  
The information transmission of the motion at sea 
according to the rules of the company is made every 
1-3 days, as of noon, but for mooring with cargo 
loadings, it is effective daily, for other cases - at the 
end of the production cycle.  
The charterer has the right to require a different 
frequency of such info transmissions.  
The most common is 2-week, 10 -, 7 -, 5 -, 3 -,  
2 -, 1 - day notice.  
Sometimes the information within hours is 
needed. 
The fifth category defines the information about 
the private correspondence in the direction from ship 
to shore, shore to ship, and ship to vessel.  
As a rule, it is of no importance and is useful 
only for the sender and the recipient.  
Some shipping companies and agencies carry out 
censorship to avoid any information leakage.  
During the military operations and special 
transportations any private correspondence is 
prohibited.  
The order of movement for private information 
and compliance monitoring with the established 
order is assigned to the ship's captain.  
The frequency of information exchange is not 
regulated, but sometimes some limitations are 
imposed, based on the vessel’s operation conditions.  
Personal information is not regulated; it is rather 
typical and is carried out by users with the capability 
to use satellite communications with the vessel.  
The descriptive modeling of the waterways 
information space suggests that any deviation from 
the rules in the 1 - 4 categories of messages distorts 
the information space and creates the preconditions 
for emergency situations.  
Completeness and adequacy of categories 
representation, as well as direction and frequency of 
messages allow formalizing the information space of 
navigation process to establish the relationship of its 
disturbance with the preconditions for emergencies. 
The solution for these problems is possible due to 
usage of some modeling techniques with parametric 
and nonparametric estimation for complex technical 
moving systems [5; 6].  
The most proven methods are the following:  
– the method of matrix modeling; 
– the graphical-analytical method; 
– the method of describing the information flow 
in the graph form of a tree type; 
– the scheme method of information links; 
– the method of exploratory analysis for control 
problems.  
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These methods allow more objectively on the 
basis of the evidence to determine the shape 
dependence of interrelated parameters for the vessel 
control and its quantification. 
Out of the distinguished research methods for the 
formalization of qualitative and quantitative 
properties of waterways information flows the 
matrix and graphical-analytical methods are used.  
They allow for decomposition of the information, 
clustering of information flows of waterways and 
identifying clusters of information vessel security 
control. Fig. 2 shows the structural components of 
the information space navigation, the movement of 
information flows from source to receiver and the 
information linkages between them.  
 
 
 
Fig. 2. Structural components of the information  
space navigation 
 
Explanatory tab. 1 after it shows the name of 
information systems, involvement in the exchange of 
information. 
We represent the sources of information in the 
form of the vertices of a directed graph (fig. 3), 
which displays all the information correlations. 
Table 1. Name of information exchange systems 
Number 
of 
system 
Name of system 
1 Port Information System 
1.1 VTS 
1.2 VTMS 
2 Information systems on waterways 
2.1 PRMT 
2.2 RADAR 
2.3 DG 
2.4 AIS 
3 Satellite Information System 
4 Ship systems of information 2 
4.1 INMARSAT 
4.2 SAS 
4.3 AIS 
4.4 VHF/MF 
5 Ship systems of information 1 
5.1 INMARSAT 
5.2 SAS 
5.3 AIS 
5.4 VHF/MF 
 
 
We represent the sources of information in the 
form of the vertices of a directed graph (fig. 3), 
which displays all the information correlations. 
 
Fig. 3. Graphology scheme of the information space  
in navigation 
 
Each pair of vertices of Mi and Mj has a link 
directed from Mi to Mj only if the transition of 
information from Mi to Mj occurs.  
Taking into account the category of directional 
information, ship to shore, ship to ship, shore to 
ship, shore to shore, we represent in tabular form 
(tab. 2) the vertices of the information flow. 
Using the properties of graphs isomorphism and 
planarity, inherent for the sources of information on 
the waterways, we obtain the characteristics of 
information flows in the system and determine their 
impact on the information field for navigation. 
1 
1. 1.2 
2 
2. 2.2 
2.2.
5 
5. 5.2 
5.5.
4 
4. 4.2 
4.4.
3 
M1 M1.1 M1.2 M2 
M5 
M4 
M1 
M3 
M1-M2 
M2.1 M2.2 M2.3 M2.4 
M2-M3 
M1-M5 M2-M5 
M5.1 M5.2 
M5.4 M5.3 
M3-M5 M4-M5 
M4-M3 
M1-M4 
M4.1 M4.2 M4.4 M4.3 M3.1 
М5.1 
М1.1 
М1.2 
М2.1 М2.2 
М2.3 М2.4 М5.2 
М3.1 
М5.3 
М4.1 М4.2 
М4.3 М4.4 
М5.4 
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Table 2. Graphs Vertices of the Information Flow 
System of information 
generation Number 
Vertices of the 
graphs the 
flow of 
information Sources Receivers 
1 М1-М2  Ports Shore 
2 М1-М3  Ports Satellite 
3 М1-М4 
М1-М5  
 
Ports 
 
Ships 
4 М2-М1  Shore Ports 
5 М2-М3  Shore Satellite 
6 М2-М4 
М2-М5  
 
Shore 
 
Ships 
7 М3-М1  Satellite Ports 
8 М3-М2  Satellite Shore 
9 М3-М1 
М3-М5  
 
Satellite 
 
Ships 
10 М4-М1  Ships 1 Ports 
11 М4-М2  Ships 1 Shore 
12 М4-М3  Ships 1 Satellite 
13 М4-М5  Ships 1 Ships 2 
14 М5-М1  Ships 2 Ports 
15 М5-М2  Ships 2 Shore 
16 М5-М3  Ships 2 Satellite 
17 М5-М4  Ships 2 Ships 1 
 
Thereby, we form the exponential adjacency 
matrix R, R2, ..., RN and the total matrix  
1
N
n
n
R R
=
= ∑ .  
To simplify the matrix we ascertain one-to-one 
depentanizer for the information exchange processes 
between the components of the graph as follows: 
 
М11-М12=Е11, М11-М21=Е12, ……., М11-М52=Е1.10;  
М12-М11=Е21, М12-М21=Е22, ……., М12-М52=Е2.10;  
М21-М11=Е31, М21-М22=Е32, ……., М21-М52=Е3.10; 
…............................................................................  
М52-М12=Е10.1, М52-М21=Е10.2, ……., М52-М11=Е10.10.  
 
The appropriate matrix of messages is 
constructed in as follows:  
 
11 12 13 14 15 16 17 18 19 1 .10
21 22 23 24 25 26 27 28 29 2 .10
31 32 33 34 35 36 37 38 3 9 3 .10
10 .1 10 .2 10 .3 10 .4 10 .10
........................................................
...................
E E E E E E E E E E
E E E E E E E E E E
R E E E E E E E E E E
E E E E E

=

 
 
 
 
 
 
 
 
The graphic model of such a matrix allows the 
overview of the information space for the vessel 
control.  
Shown in fig. 4 the computer model of the 
information space for navigation process 
characterizes each point on the route with a certain 
number of conditions of the information amount, 
which is necessary for the vessel control.  
 
 
Fig. 4. Information Space Model in Navigation 
 
The number of conditions is determined by the 
adjacency matrix order. 
The matrix rows define the number of sources of 
information to the navigator, and the columns in 
their turn define the number of links of information 
flows at a certain point of the vessel track.  
According to the adjacency matrix R and the 
value of the state order we determine the duration of 
storage components, which are intermediaries 
relative to the original ones. 
One of the peculiarities of the modeling results is 
obtaining the baseline data for the construction or 
reconstruction of the InfoBase for the vessel control.  
Applying a cluster - probabilistic method for 
investigating and analyzing the information flow of 
the waterway under the graph-analytical model 
consideration, it is convenient to group the messages 
in five categories into clusters that make up the 
information space in navigation. 
The process of information flows grouping can 
be formalized, using the cluster communication 
coefficient between the groups.  
The cluster communication coefficient is 
calculated as follows: 
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c с
nnn
nK
−+
=
 
where nlm – the number of common indicators for 
streams with indices l and m; 
nll – the number of indicators used in streams 
with index l; 
nmm – the number of indicators used in streams 
with index m. 
The grouping of information flow can be 
controlled by setting the value of the cluster 
communication in the range 0 < Kcc <1.  
The final version of the degree of clustering 
effects the selection and development of the logical 
structure of a unified information fund for the vessel 
management system. 
Another feature of the information space 
modeling is the ability to prioritize the information 
flows during the vessel route. The third coordinate 
of the model reflects these characteristics of 
information flows and their relationship to the 
volume, redundancy and entropy of information. 
The peak levels determine the volume of 
information flows and show the priority of ship 
reporting. The assessment of priority, number and 
volume of the messages sent to the navigator, 
reduces the psychological and informational load on 
the vessel bridge. The represented information 
model displays in arbitrary units the overall flow 
characteristic, in which the flow of information, 
relevant to the receipt / delivery of the pilot (selected 
area), at a definite point of the route the data of the 
same nature and direction are characterized as the 
most voluminous and massive peak.  
The complete model shows that, for this point of 
the route precisely of the highest priority are those 
streams of information that are intended to provide 
maximum security condition for the vessel when 
moving in a complicated navigation situation. 
Conclusions  
1. Five semantic categories of information flows 
on the waterways are proposed, their descriptive 
modeling and research are performed. 
 
2. The categories of information flows are 
formalized and a model of information space in 
navigation is constructed by the methods of matrix 
and graph-analytical model, reflecting the priority of 
flows, their internal correlation and relation to the 
sources. 
3. The approach to the logical structure 
elaboration of a unified information system for 
vessel control is recommended; it is based on the 
clustering of information flows by means of cluster 
linkage coefficient. 
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